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Introduction
The normal mouth opening that would allow for normal functions has been estimated to be 35-40mm in the adult. This opening allows for normal functions and maintenance of oral hygiene including the introduction of the dental hand piece and other dental instruments for dental treatment. 1 The temporomandibular joint (TMJ) ankylosis can affects the TMJ as well as the surrounding structures. It is classified into intra-articular and extra-articular ankylosis. 2 It can be bony, fibrous, fibroosseous, complete and incomplete. 3, 4 The main causes of the TMJ ankylosis are the trauma (with disruption of the meniscus and organization of haematoma within the joint with or without a related intracapsular fracture of the condyle), and infection (otitis media or mastoiditis). The other etiologic factors are rheumatoid arthritis, ankylosing spondylitis, and burns. 5 In unilateral cases there is facial asymmetry with the chin deviates toward the affected side. Recession of the chin, on the other hand, is a typical characteristic of the bilateral ankylosis. 4 Dental crowding and malalignment and poor oral hygiene can often be observed in both unilateral and bilateral cases. The main principles of treatment are: (a) satisfactory resection of the ankylosing bone (gap arthroplasty); (b) use of interpositional material, if it is needed; and (c) early aggressive postoperative physiotheraphy. [6] [7] [8] [9] The gap arthroplasty, when used alone, is still preferred by some, 10 but the gap arthroplasty with the placement of interpositional material is considered the standard procedure by others. [11] [12] [13] A range of materials is used for interpositional surgery including temporalis fascia, temporalis muscle, cartilage grafts, silastic materials, etc. 7, [14] [15] [16] [17] [18] . Recently, distraction osteogenesis has become a popular method for correction of the mandibular deformity and relief of upper airway obstruction due to ankylosis. 19 Up till now, there has been no single method could produce a uniformly successful results with no postoperative limitation of jaw opening and recurrence of ankylosis. 20 Early postoperative jaw mobilization and aggressive physiotherapy are an integral part of a treatment protocol for TMJ ankylosis. 21 The purpose of this paper is to demonstrate the experience gained by the authors from the management of 77 patients (118 joints) in order to standardize the management of this relatively common problem.
the mandibular foramen. In those cases where the jaw opening could not be increased after the gap arthroplasty undertaken, the ipsilateral coronoid process were excised. If, in spite of that, the jaw opening was still restricted, the contralateral coronoid process of the mandible was removed. The lower jaw could then be manipulated to 4cm interincisal opening and the gap arthroplasty was considered complete only when there is 1.5cm between the skull base and the mandibular stump at this opening. For the complying patient, the wound is closed at this stage. Should there is a question about patients compliance with the postoperative physiotherapy, the gap arthroplasty is managed either by the introduction of a sialastic block or the temporalis muscle flap into the gap arthroplasty before closure of the wound. In the unilateral cases with the ankylosis approximating the jugular foramen, as indicated by the CT scan, a horizontal ostectomty were created in the ramus just above the mandibular angle to effect the intraoperative 4cm interincisal opening. The inferior dental neurovascular bundle is preserved and the space obliterated by stitching the medial pterygoid muscle to the masseter muscle ( Figure 1 ). In these cases the ramus of the mandible is approached through the Zide and Epker's modification of the submandibular approach. 22 In this modification, the skin incision is put 1cm below the inferior border of the mandible to have more extensile approach to the ramus of the mandible.
Methods
Seventy-seven patients (118 ankylosed joints) with true ankylosis of the TMJ were treated surgically in different hospitals in Baghdad and Erbil during the period 2001-2013. The patient is diagnosed having true ankylosis of the TMJ when his maximal jaw opening is less than 35mm and the radiographic views demonstrate the ankylosis within the joint. Accordingly, 36 of these patients were diagnosed with unilateral ankylosis and the other 41 patients were with bilateral ankylosis. All of those patients had been radiographed for an OPG view to have an idea about the size of the ankylosis. They also been CT scanned to identify the exact size and the amount of the medial extension of the ankylosis and its relation to the carotid and jugular foramina. Attention had also been paid to presence of elongated coronoid process from its absence. In the majority of these patients the general anaesthesia was maintained through a tracheostomy. For the unilateral cases, the ankylosis was approached through the extended preauricular incision and treated by the creation of gap arthroplasty above Figure 1 : The horizontal ostectomy above the mandibular angle For the bilateral cases, the ankylosis was treated by the creation of gap arthroplasty above the mandibular foramen on both sides. That was followed by the use of the temporalis muscle flaps to line up the bed of the gap arthroplasty on both sides. In those cases where the gap arthroplasty approached 3cm, a costal graft or a sialastic block (in the adult) or a costochondral grafts (in the child) were used to restore the ramal height on both sides. This is carried out through the combined preauricular and submandibular approaches. All bone cuts have been done with the bur after adequate exposure of the anterior and posterior borders of the ramus and the sigmoid notch. In depth cutting of the bone was only performed after wide removal of the more superficial bone and gradual subperiosteal advancement of a periosteal elevator along the medial side of the condylar stump in a foreword direction.
We have never hammer a chisel or an osteotome to remove the ankylosed bone at any stage of the operation. In the event of abnormal bleeding during removal of the deep ankylosed bone, the gap arthroplasty is completed quick, even at a lower level, so that packing the gap by gauze would be affective to control the bleeding. Active jaw exercises are started immediately after the postoperative pain and swelling subsided or the IMF, when used, is released. The wooden tongue blades were used to increase the jaw opening back to what have been gained during the surgery. The patient is seen regularly each week during the first month for checking the jaw opening. Afterward, the patient is seen on three months base for one year.
Results
The surgical techniques that have been used in the treatment of the unilateral cases of TMJ ankylosis are shown in Table  1 . No one of the six patients who were treated by osteoectomy at the mandibular angle needed coronoidectomy to achieve the functional jaw opening. has had coronoidectomy to achieve the functional jaw opening ( Table 2 ). The surgical techniques used for the treatment of bilateral cases of ankylosis are shown in Table 3 . No one of the 6 patients treated by bilateral horizontal ostectomies at the mandibular angle needed coronoidectomy to achieve the required functional mouth opening. (Tables 5  and 6 ). Neural deficits: The majority of the gap arthroplasty above the mandibular foramen (65 patients) had temporary weakness in the frontal branch of the facial nerve. This weakness lasted for the average of three weeks to resolve spontaneously. All of the patients who had horizontal osteoectomy the mandibular angle (17 patients) had numbness in the lower lip and six of them kept permanent paraesthesia (Table 7 ). Skeletal malrelation: Table 8 shows the skeletal malrelationships caused by removal of the ankylosis 
Discussion
The ankylosis can results in a narrow oropharyngeal airway secondary to shortening of mandibular rami and narrowing of space between the mandibular angles. This, in turn, when combined with restricted jaw opening may results in difficulty with intubation of the patient. Awake nasal intubation is the safest approach of intubation. Nasal intubation, either blind or fiberoptic guided, and a tracheostomy are the different techniques of securing airway in these patients. 23 The authors were unfortunate to work in centres with inadequate facilities for blind or fiberoptic guided nasal intubation. This fact explains the need for tracheostomy in the majority of their patients Reankylosis is an ever-present problem and can happen irrespective of the technique chosen by the surgeon. After gap arthroplasty, the chance of reankylosis is greater when there is shortening of the ramus or lack of postoperative exercises. 24 Although some authors claim that the gap arthroplasty, when used as the sole treatment for ankylosis, does not usually results in successful treatment, 25 others found no recurrencein their series with a follow up of at least 24 months. 26 The present authors agree with the latter treatment but only when they prospectively trust the patient compliance with the required postoperative exercises. They adopted this surgery in the management of 8 patients with unilateral ankylosis in whom no excessive shortage in the ramus has resulted after removal of the ankylosis.
However, the authors did not use this kind of treatment for the treatment of bilateral ankylosis even though the gap arthoplasties did not excessively shorten the mandibular rami. This is because of the increased chance of reankylosis in these cases, and, in turn, the temporalis muscle flap has been used in such cases to reduce this chance happening. Placement of interpositional material at the gap arthroplasty is a mechanism for restoring the ramal height and thus helps in preventing recurrence. [25] [26] [27] [28] The authors practice is to place an interpositional material whenever complete removal of the ankylosis ended with more than 3cm gap between the skull base and mandibular stump. They used the sialastic block in five patients, the costal graft in 4 patients, and the costochondral graft in 18 patients with successful results. However, the authors also believe that in the treatment of bilateral cases of ankylosis the temporalis muscle flaps must be used with the aforementioned interpositional materials as reankylosis could occur when these materials are used alone. 29 The most widely accepted technique in children is the costochondral graft use. 27, 28 This is obviously because of its growth potential and functional adaptability. 28 The authors practice is to use the temporalis muscle flap to cover the skull base and the gap arthroplasty so that the graft with its cartilaginous head is settled on the muscle rather on the bone. The authors had modified the temporalis muscle flap so that its posterior third is reflected to cover up the bed of the gap arthroplasty and line the medial side of the mandibular ramus. 21 The authors also use this kind of flap when the costal graft has been used as an interpositional material. It is well known that the coronoid process tends to grow in a long-standing ankylosis causing inadequate intraoperative interincisalopening. 26 Hence, 59 of the patients in this study underwent coronoidectomy to reach a functional jaw opening. It is the author's observation that the temporalis muscle, in some of these patients, is so stiff that it is limiting the jaw opening even though the coronoid process looks normal in the x-ray films. Coronoidectomy is needed in these situations to affect a functional jaw opening. Ninteen out of the 77 patients (24.67%) in this study had reankylosis, and the authors attribute this apparantly high percentage to their strict definition of the reankylosis and to the lack of patient compliance with the required postoperative exercises. These patients stop the exercises early in postoperative period because of the pain they feel or their ignorance of the importance of these exercises in the prevention of reankylosis. Furthermore, in order to reduce the chance of reankylosis to the minimum possible, the authors practice is to make sure that the interincisal opening is at least 40mm after the creation of a gap arthroplasty of 1.5cm at this opening. They also use the modified temporalis muscle flap whenever an interpositional material has been used to restore the remal height. 21 The surgical approach used to gain access to the area of the ankylosis places the facial nerve at risk for damage. 30 A loss of function of the frontalis and orbicularis oculi muscles is always a possibility 30 , but it is usually temporary and resolve spontaneously after few weeks. The incidence of permanent damage to the frontal branch of the facial nerve in this study was 4.5% as it is the authors practice is to extend the temporal extension of the preauricular incision almost to the vertical tangent of the lateral canthus of the eye and to keep the dissection to the ankylosis deep to the temporal fascia. In this study, the incidence of permanent numbness in the lower lip among those underwent horizontal ostectomy at the mandibular angle is high. This is because, in the event of nerve cut, no attempt had been taken at immediate repair of the inferior dental nerve after the ostectomy.
Conclusion
Successful treatment of TMJ ankylosis depends on a number of factors. Resection of the ankylosed bone should be carried out through a wide surgical exposure. This approach would allow for radical removal of the ankylosis with the minimum damage to the branches of the facial nerve. Radical removal of the ankylosed bone is essential for the prevention of reankylosis. The gap arthroplasty, when used alone, is enough as a treatment when the ankylosis is small and its removal does not shorten the ramus more than 1cm. Restoration of the ramal height after removal of larger ankylosis is essential for the prevention of reankylosis and the creation of anterior open bite. Careful selection of the patients who are expected to comply with postoperative functional rehabilitation is essential to achieve successful treat ment. Regular follow-up for at least 1 year and continuous motivation for adequate jaw exercises are crucial for the success of the treatment.
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